The purpose of this study was to evaluate the ultrastructural and shear force changes of duck breast and leg meat during aging at 0 o C. Pekin ducks (45 d old) purchased from Greemud Co. were used for this experiment, and were stored at 0 o C for 7 d in order to determine the changes of the meat structure using transmission electron microscopy (TEM) and shear force. At day 0, A-band, I-band, M-line and Z-line of sarcomeres were seen clearly, but sarcomeres started to lose structure and become extended in length from day 2. With extended aging periods, myofibrils were destroyed and symptoms of aging became more obvious. In the duck breast meat, some myofibrils were also destroyed at the Z-line, but were mainly destroyed at the M-line. The change in structure of duck leg meat over time was similar to that of breast meat. After five days and seven days of aging, mitochondria size and quantity were determined to be increased between the myofibrils. Shear force was decreased over time. From this study, aging at 0 o C was found to negatively influence the ultrastructure and shear force of duck meat.
Introduction
Of all the various characteristics of meat quality, tenderness is considered to be the most important factor for the consumer (Gerelt et al., 2001 ). Since it is generally believed that aging improves meat tenderness, and that appropriate aging is very important to increase meat quality. The tenderness of meat after rigor mortis is affected to a great degree by changes of myofibrils. The weakening of the myofibrillar structure, with the consequent transversal fragmentation of sarcomeres, is a major structure change in myofibrils during aging (Mestre et al., 2002) . In postmortem muscle, disintegration of the Z-line is one of the major structural changes. Suzuki et al. (1982) reported that the disintegration of meat could be related to the removal of the Z-line. The changes in muscle fiber size and percentage may affect not only the muscle characteristics, but overall quality and appearance as well (Barowicz, 2006) . Current evidence indicates that postmortem meat tenderization is primarily the result of calpain mediated degradation of key myofibrillar proteins and the cytoskeleton (Goll et al., 1983; Goll et al., 1992; Koohmaraie, 1995 , Koohmaraie, 1996 Ouali, 1992) . Most of the cytoskeletal proteins, such as desmin, vinculin, filamin, and dystrophin, as well as the sarcomere proteins titin and nebulin, are native substrates of m-calpain, and the degradation of vinculin and desmin has been shown to correlate with postmortem meat tenderization (Koohmaraie et al., 1995; Taylor et al., 1995) .
Among all poultry meats, chicken meat is the most widely used in various cuisines and food products, and consumption of duck meat is relatively very low. Duck is also poultry, like chicken, but it has red muscle in the breast. Hence, it is believed that duck breast meat may have different characteristics in its ultrastructure to that of chicken meat. Many researchers have reported the ultrastructural changes of beef (Boyer and Greaser, 1998; Maher et al., 2005) , chicken (Ahn and Park, 1998; Yoon, 2003) 
Materials and Methods
Sample preparation 45 d old pekin ducks from Greemud Co. were used for this experiment. Thirty-five duck carcasses were obained from a slaughter house (Moran Food Co., located in Chungbook province, Korea) and that were separated into breast and leg lean meat and stored separately for 7 d in a refrigerator at 0 o C in vacuum packing.
Transmission electron microscopy analysis (TEM)
The ultrastructural changes in duck breast and leg meat during storage were evaluated using TEM. The samples of duck meat were cut (1×3×5 mm), fixed with 5% glutaldehyde and cut again into cubes (1×1×1 mm). Secondary fixation was done with 1% osmium tetroxide and samples were then kept for 90 min at 4 o C. After samples were dehydrated with ethanol and propylene oxide, they were dipped in epon mixture and propylene oxide (1:1) overnight. Samples were then buried under epoxy resin embedding media and were polymerized for hardening sample tissues at 35, 45, 60 and 70 o C, respectively. These samples were cut into ultrathin microtome longitudinal sections (60-70 nm) and were stained with uranyl acetate and lead citrate. TEM (Carl Zeiss LEO912AB, German) was used for this experiment.
Shear force
Sample was cooked individually in polyethylene bags immersed in a water bath for 1h at 80 o C. After cooking, the samples were cooled to room temperature for 30 min. A sample was cut perpendicular to the muscular fiber (1.0×3.0×1.0 cm) and the shear force values were determined with a Texture analyzer (TA-XT 2 stable micro system, UK). The conditions for shear force analysis were set as: knife probe (force, 100 g), test speed (2.0 mm/s), post test speed (10.0 mm/s), and rupture test distance (10.0 mm/s)
Statistical analysis
All statistical analyses were performed using the General Linear Model (GLM) procedure in the SAS software (SAS, 2002) . A software program using Duncan's multiple range tests to compare treatment means was applied, and the statistical significance was indicated at p<0.05.
All tests were carried out in triplicate, and were expressed as mean ± SD.
Results and Discussion
Transmission electron microscopy analysis (TEM) After the slaughtering of ducks, the muscle stiffens due to rigor mortis, but after some hours, aging starts, and the muscle structure becomes softer due to various chemical reactions. During this change, storage temperature is believed to be one of the most important factors determining the quality of meat (Bendall, 1975; Lee et al., 1979) .
The proteins that are degraded during myofiber degradation are myofibrillar and cytoskeletal proteins, which include troponin-I, troponin-T, desmin, vinculin, metavinculin, dystrophin, nebulin, and titin (Robson et al., 1997; Taylor et al., 1995) . Three major cytoskeletal structures are degraded when meat is tender: Z-line to Z-line attachments by intermediate filaments, Z-line and M-line attachments to the sarcolemma by costameric proteins and the elastic filament protein titin (Taylor et al., 1995) . 
